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ABSTRACT
Objective: Tropical Milking Calf (LT) growth and milk consumption and chemical composition were analyzed in two 
shepherding systems.
Methodology: 26 LT cows were used in rotational shepherding in monoculture (PRM) and intensive silvopastoral system 
(SSPi). Cows were milked by hand once per day in the morning with the presence of the calf, which consumed milk from 
one nipple. Live weight (PV), daily weight gain (GDP), milk consumption (CL) by the calf and the chemical composition of 
the milk were studied.
Results: PV was greater at 198 days in SSPi (p0.05) with 142.63.31 kg, and one GDP that outweighed the PRM (p0.05) 
in 80 g per day1. There were no differences in CL (p0.05). Non-fatty solids, protein, lactose and total solids were greater 
(p0.05) for SSPi with 8.10.07, 3.00.02, 4.50.04 and 12.10.21 %, respectively; although fat was similar (3.7 and 3.3 
%, p0.05) in both systems.
Implication: The chemical composition of milk should be assessed from the nutritional perspective for the calf and the 
more appropriate techniques for its measurement should be implemented.
Conclusions: PV and GDP were greater in SSPi than in PRM due to the chemical composition and not the amount of 
ingested milk. The chemical composition of milk affected the pre-weaning growth of calves. The tropical milking race and 
SSPi are an alternative for tropical livestock raising in warm weathers.
Keywords: warm weathers, livestock raising, river tamarind, gene resources, agroecology systems.
INTRODUCTION
Milk production systems in Mexican warm weather intertropical zones supply 25% of domestic production (Orantes-Zebadúa et al., 2014) while 
boosting local economy; their products are marketed locally and represent income for families. Nevertheless, the 
seasonality of the rain period, the use of technology, managerial abilities and local traditions affect their productivity 
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and may have an adverse incidence in the preservation 
of natural resources (Murgueitio et al., 2015). Tropical 
milk production is characterized by the flexibility of its 
zootechnical function (Martínez et al., 2012), due to the 
fact that feeding the calves before the milking is used to 
stimulate the descent of milk and both milk is produced 
and calves are weaned. Calf growth from birth to weaning 
is determined by the amount and chemical composition 
of the consumed milk, which in turn depends on the 
feeding by the mother (Martínez et al., 2012; Díaz et al., 
2014; Orantes-Zebadúa et al., 2014). The calf is allowed 
to consume residual milk after the milking, which is 
regulated by the depth of the milking and number of 
milked nipples, which influences the daily weight gain 
that may be lower than 365 g per day1 (Salamanca et al., 
2011). Although supplements may be used to contribute 
to feeding calves and destining more milk for sale and 
obtainment of greater 
income, both supplements 
and the financial resource 
for their acquisition 
should be available for the 
producer (Guarneros et al., 
2017).
The criollo Tropical Milking 
(LT) race is adapted to 
shepherding systems, 
requires little inputs, its 
productive capacity is 
117411.4 kg of milk per 
breastfeeding, reason why 
it is a gene alternative for 
tropical milking (Rosendo-Ponce & Becerril-Pérez, 2015). 
Intensive silvopastoral systems (SSPi) meet agroecology 
productive and environmental functions upon combining 
herbaceous strata with local and improved grass, as 
well as shrub strata such as river tamarind (Leucaena 
leucocephala [Lam.] de Wit); SSPis are an alternative for 
improving animal productivity and mitigating climate 
change effects. SSPis and the LT race may be an 
alternative for sustainable milk production in the warm 
weather intertropical region. Upon shepherding in a SSPi, 
LT cows may increase their production and milk quality, 
which would in turn power the growth and daily weight 
gain of calves due to the fact that, during the first 90 
days of life, their feeding depends mainly on milk (Heras-
Torres et al., 2008). Therefore, the objective hereof 
was to compare growth and consumption of criollo 
Tropical Milking calves and determining the chemical 
composition of milk in rotational shepherding systems in 
monoculture and intensive silvopastoral system.
MATERIALS AND METHODS
The study was performed from June to December 2018 
in the “El Huilango” land lot, Cotaxtla, Veracruz, Mexico 
(18° 53’ N, 96° 15’ O), a 30 altitude. It has a subhumid 
warm weather Aw0(w)(i’)g, with rains in summer (García, 
1988), with mean annual temperature and rains of 25.4 
°C and 1042 mm.
26 first-birth LT cows and 40.450.67 months of age. 
At 24 h after birth they entered a paddock with pará 
grass (Brachiaria mutica [Forssk.] Stapf), where they 
stayed while they produced colostrum and then they 
were transferred to the paddock according to the 
corresponding shepherding system. Calf identification 
and weight measurement 
upon birth were performed 
on the first 24 hours 
of life, they consumed 
colostrum and milk once 
per day until reaching 10 
days of life. Then, they 
were transferred to giant 
star grass (Cynodon 
plectostachyus [K.Schum.] 
Pilg.) and native vegetation 
paddock, where they 
remained apart from their 
mother during the entire 
study. Cows were milked 
by hand once per day with 
the presence of the calf, and calves consumed milk from 
one nipple (Figure 1). As of 90 days after birth, calves were 
supplemented with ground corn offered individually in 
760 g per day1.
Thirteen cows were randomly allocated to each 
rotational shepherding system in monoculture (PRM) 
in SSPi and were given ad libitum water and minerals. 
Each system had four 1-ha paddocks, with an electric 
fence and distributed randomly in the area of study. The 
PRM had Megathyrsus maximus grass only (Jacq.) B.K. 
Simon & S.W.L. Jacobs cv. Mombasa (Figure 2a); the 
SSPi had M. maximus grass in the herbaceous stratum 
and an arrangement or rows at a distance of 1.6 m with 
Leucaena leucocephala (Lam.) de Wit, with a density of 
8400184 plants ha1 (Figure 2b). The occupation and 
paddock resting period was of 4 and 28 days during the 
Figure 1. Criollo Tropical Milking cow hand milking with the presence 
of the calf in the “El Huilango” land lot, Cotaxtla, Veracruz, Mexico.
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humid warm season (June - October) and 5 and 35 days 
during the dry cold season (November – December). No 
fertilization nor ancillary irrigation were applied in both 
systems.
The live weight of calves (PV, kg) was measured with 
a digital scale (EziWeigh5i, Tru-Test®, NZ) before the 
milking every 28 days. The weight was adjusted through 
the equation described by Salamanca et al. (2011). The 
daily weight gain (GDP, g per day1) were calculated 
every 28 days with the equation: 
GDP PRP PRPA DEP= −( ) ( )[ ]/
where: PRPCurrent live weight (kg), PRPAPrevious 
live weight (kg) y DEPDays between weighing. Milk 
consumption per calf (CL, kg d1) was estimated at 90 
and 180 days, through the difference in calf weight and 
before sucking for two consecutive days, and one milk 
sample was taken per thoroughly milked cow. Milk was 
refrigerated at 5 °C and transferred to the laboratory, 
where fat (G), protein (P), lactose (L), non-fatty solid 
(SNG) and total solid (ST) content was determined 
with a Lactoscan MCC ultrasonic milk analyzer 
(MIlktronic, Bul).
In order to analyze GDP, CL, G, P, L, SNG and 
ST, a model that included the stationary effects of 
the calf shepherding system and sex was used; PV 
was analyzed with a mixed model with repeated 
measurements with covariance structure in an 
integrated autoregressive mobile average model. 
Data were processed with GLM and MIXED 
procedures of SAS® 9.3 (SAS Institute, 2010). 
Treatment measure comparison was made with 
Tukey’s test (0.05).
RESULTS AND DISCUSSION
Birth weight of LT calves was of 25.681.03 kg in 
females and 29.071.05 kg in males. These birth 
weights were lower than cross-bred genotypes of 
European races with cebuine breeds of 31.14.7 
females and 31.660.23 kg in males (Madrid-
Bury et al., 2007; Arce et al., 2017). The smallest 
size of native races may be an adaptative feature 
of natural selection at adverse warm tropical 
conditions. The live weight of LT calves in both 
shepherding systems appears in Table 1. During 
the first 60 days, calves almost doubled their 
birth weight. Heras-Torres et al. (2008) describe a 
primary slow-growth stage, attributed to a non-ruminant 
to ruminant transition and a more developed immune 
system; in this study, the slow growth period occurred 
from day 60 to 120; as of 120 days, calves fed with milk 
from both shepherding systems showed an accelerated 
growth. Nevertheless at 170 and 198 days, calves fed 
with SSPi had a PV greater than in PRM (p0.05, Table 1).
PV at 98 days for calves fed with SSPi milk was greater 
than 121.432.5 kg at 224 days of age for domestic cow 
vs zebu (Osorio-Arce and Segura-Correa, 2008), fed with 
one nipple and supplemented with commercial feed. 
Saddy et al. (2015) reported weights of 105.714.22 and 
109.713.65 kg at 190 days, supplemented with 0.869 
and 0.980 kg of commercial concentrate of 10 and 
20% raw protein (PC) for cF1 HolsteinBrahman cross 
breeds, which suggests that it feasible to obtain a better 
pre-weaning growth for LT calves in SSPi.
GDP in SSPi was greater than 99 g per day1 than the 
one obtained in the PRM system, which meant 18.11 
kg more of PV upon weaning (Table 2). Romosinuano 
Figure 2. Tropical Criollo Milking cows in rotational shepherding systems in a) 
grass monoculture and b) intensive silvopastoral system in the “El Huilango” land 
lot, Cotaxtla, Veracruz, Mexico.
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0 27.8 27.4 3.22 0.943
22 42.2 41.2 3.22 0.832
60 49.1 52.1 3.22 0.510
88 52.7 58.7 3.22 0.189
116 63.7 69.1 3.22 0.233
142 76.1 83.7 3.26 0.105
170 90.4a 103.9b 3.29 0.004
198 123.6a 142.6b 3.31 0.001
a,b Different letters on the same row indicate differences (p0.05).
calves cross-bred with Jersey calves during the restricted 
5-hour breastfeeding had a GDP of 299 g per day1 and 
a weaning weight adjusted to 106.15 kg at 270 days 
(Salamanca et al., 2011), lower than LT calves; genotype, 
technology and environment affect calf response. 
There were no differences (p0.05) in GDP for females 
and males, similar to zebu cross-bred calves (Cárdenas 
et al., 2015); nevertheless, other studies state differences 
in GDP and weaning weight between sexes (Heras-
Torres et al., 2008; Salamanca et al., 2011). CL in LT 
calves was similar in both shepherding systems (p0.05, 
Table 2) and at 30.2 kg per day1 for cross-bred calves 
fed with one nipple for the first 100 days of life (Chirinos 
et al., 2011);nevertheless, their GDP was of 28720 g 
per day d1, supplemented with 300 g of concentrated 








Standard error p value
Daily weight gain (g d1) 488.7a 0.12 587.7b 0.14 0.01
Milk consumption in 90 days (kg d1) 2.7a 0.21 3.2a 0.21 0.10
Milk consumption in 180 days (kg d1) 2.6a 0.23 2.8a 0.21 0.54
a,b different letters on the same row indicate differences (p0.05).
feed (20% PC), lower than the GDP of LT calves. 
The difference in GDP obtained in PRM and SSPi 
systems in relation to other studies, evidence that 
the chemical composition of milk is a determining 
factor for calf growth (Table 3) (Chirinos et al., 2011; 
Salamanca et al., 2011).
The chemical composition of milk in both shepherding 
systems was not different in fat (p0.05); results 
match those of 3.7 and 3.60.05 for milk produced 
in a PRM and an SSPi system with cross-bred cows 
supplemented with concentrate (Mohammed et al., 
2016). Prieto-Manrique et al. (2016) obtained 2.88 
and 4.41% in similar shepherding conditions, while 
Hernández and Ponce (2004) obtained 4.070.16 
and 4.20.22% fat for PGM and SSPi, respectively. The 
proportion of volatile acetic and propionic fatty acids in 
rumen determined the milk fat content (Ramos et al., 
1998); the difference in fat content with respect to other 
studies may be attributed to the forage-concentrate 
ratio and the amount of fiber in diet, due to the fact that 
the proportion of acetic and propionic acid in rumen is 
sensitive to these factors; in this sense, legumes affect 
the quality of milk as their degradability in rumen is 
more similar than that of grain, as it shows lower neutral 
effective detergent fiber compared with grass (Silva et 
al., 2016).
SNGs were greater in the SSPi at 90 and 180 days 
(p0.05), due to the fact that their main components, 
protein and lactose, were also found in greater amounts 
Table 3. Chemical composition of milk consumed by Tropical Milking calf in two shepherding systems during their pre-weaning stage 
at 90 and 180 days.
Fat Non-fatty solids Protein Lactose Total solids
90 180 90 180 90 180 90 180 90 180 
Intensive rotational shepherding 3.5a 3.7a 7.9b 8.0b 2.9b 2.9b 4.3b 4.4b 11.4b 11.7a
Intensive silvopastoral system 3.9a 3.3a 8.1a 8.5a 3.0a 3.1a 4.5a 4.7a 12.1a 11.8a
Standard error 0.2 0.3 0.1 0.1 0.02 0.04 0.04 0.07 0.21 0.25
a,b different letters on the same column indicate a significant amount (p0.05). 
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(p0.05). Cows fed in SSPi have access to a diet with 
greater protein content (Murgueitio et al., 2015), which 
may be related to the difference in protein and lactose 
content in milk between shepherding systems; the 
mammary gland synthetizes milk protein from the 
availability of aminoacids and greater propionic acid 
levels increase lactose synthesis (Ramos et al., 1998); 
SNG, protein and lactose contents were similar in PRM 
and SSPi with 8.1, 2.9 and 4.3% and 8.2, 3.0 and 4.5% 
(Mohammed et al., 2016).
ST were greater in SSPi milk at 90 days; this difference 
in milk chemical composition influenced the productive 
behavior of calves, as they depend on the consumed milk; 
albeit there were no differences between shepherding 
systems at 180 days (p0.05). Protein and lactose 
amounts were greater for SSPi related to greater GDP of 
calves. Rumen begins to become functional at 60 days 
of life in calves, reason why the daily ingestion of milk is 
considered to be a diet supplement, capable of favoring 
greater growth rates (Cárdenas et al., 2015). Martínez et 
al. (2010) found a significant correlation between weight 
at 210 days and protein present in milk. Estimated STs 
were similar than those obtained by Mohammed et al. 
(2016), although lower than 1% for PRM and 0.5% for SSPi 
(Hernández & Ponce, 2004), the difference is attributable 
to a different supplementation.
CONCLUSIONS
In an intensive silvopastoral system with legume 
availability, criollo Tropical Milking calves had a greater 
weight at 180 days and a greater daily weight gain, 
although milk consumption per day was similar than 
that of calves within a grass monoculture shepherding 
systems. The chemical composition of milk for cows in 
the intensive silvopastoral system had greater content of 
components, except for fat. Also, the difference in the 
chemical composition of milk had differential effects in 
the productive behavior of calves.
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